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ABSTRACT

Bromus ayacuchensis, a new species from Departamenro Ayacucho, Peru, is described and illustrated. The new
species is similar to species mBromus seer. CenUochloa, particularly B. cehadilla, because of its strongly keeled

lemmas. It differs from R cehadilla by having densely pilose culms near the base, adaxially pilose ligules 3-6.6

mmlong, lower glumes 1-veined, upper glumes 3-'Veined, pilose lemmas (especially along the margins and near

the apex), lemma margins that are tightly involute on lower 1/5-1/4, and lemma awns 3-5.5 mmlong. Phyloge-

netic analyses of sequence data from the internal transcribed spacer regions of nuclear nbosomal DNAplace B.

ayacuchensis in a clade with species of sect. Ceratochloa, whereas analyses of plastid data from the (rnL intron

and the 3'-end of ndhV indicate that B. ayacuchensis is closely related to this clade. Confirmed records are pro-

vided for B. modestus and B. cehadilla mPeru, and R cohratus and Bjlexuosus are reported for the first time in

Peru. A key to the 12 species of Bromiis now known from Peru is included.

RESUMEN

Se describe y se ilustra Bromus ayacuchensis Saarela «Sr PM. Peterson, sp. nov, una nueva especic del Departamenro

de Ayacucho, Peru. La nueva especie es similar a las especies de Bromus secc. Ceratochloa, particularmente B.

cehadi Hd, porque tiene lemas muy carenadas. Se diferencia de B. cebddi llti por tener culmenes densamente pilosos

cerca de la base, ligulas 3-6.6 mmde largo y pilosas en la parte ventral superior, glumas inferiores con 1 nervio.

glumas superiores con 3 nervios, lemas piloses (especialmente a lo largo de ios margenes y cerca del apice), los

margenes del lema son firmemente involutes en la porcion 1/5-1/4 inferior del lema y aristas de 3-5.5 mmde

largo. Los analisis filogeneticos de los datos de la secuencia de ADNde las regiones transcritas mrernas del

espaciador ribosomico nuclear colocan a B. ayacuchensis en un dado con las especies de la sect. Ceratochloa,

mientrasque los analisis de los daros del intron del plastidodel trnL y de los extremes 3' del ndhFindican que B.

ayacuchensis esta intimamente relacionado pero no es parte de este clado. Proporcionamos ejemplares de

especimenes B. modestus y B. cehadilla provenientes del Peru, y B. cohratus y B.jlexuosus encontrados por primera

vez en Peru. Se incluye la clave para las 12 especies de Bromus conocidas en Peru.

Bromus L. (Poaceae: Pooideae: Bromeae) is a large genus of grasses with over 160 species

distributed throughout temperate regions of the world (Clayton & Renvoize 1986). Some
species are important forage grasses (e.g., B. inermis Leyss.; Rauhticus Trin. ex Nees), and
many are highly aggressive, invasive weeds (e.g., B. diandrusRoih] B. madritensis L; B.

tectorum L.; Pavlick 1995).

Bromus is distinguished from other grass genera by the combination of leaf sheath
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margins that are connate (closed) for most of their length, awns that are inserted subapi-

cally on the lemmas (except in R lepiclus Holnib. and B. hidcntalus Holmstrom & H.

Scholz; Holmstrom & Scholz 2000), hany apical bilabiate-appendages of the ovary, and

simple starch grains (Wagnon 1952; Smith 1970; Clayton & Renvoize 1986).

Bromus is diverse morphologically and has been divided variously into segregate

ener3.[AnisanihaC.Kod\Boissi€raUochslxxSlQud..Bromus,Bvomoim

Cenilochloa R Beauv, Ncv:>kiclla Kreczetov^^icz & Vvedensky, and 7risetobromus Nevski],

subgenera [Brom us, Slcnohromus (Hack.), Fcsl ucaria Gren. &Godr., Ccraiochloa (R Beauv)

Hack., Ncvshiella (Kreczetowicz & Vvedensky) Kreczetowicz & Vvcdensky, and

Ncohromus Shear; Stcbbins 1981] or sections [Bromus, Iriniusia (Stcud.) Nevski, Boissicra

(Hochst. ex Steud.) P. M. Sm., Genea Dumort., Bwmopsis Dumort., Ceratochloa (R Beauv)

Griseb., Nevs)?ieII(^ (Kreczetowicz &Vvedensky) Tournay, and IVeobrom us (Shear) Hitchc.;

Smith 1970]. Most recent workers use a sectional classilication (e.g., Clayton & Renvoize

1986; Pavlick 1995; Planchuelo & Peterson 2000; Pavlick et al. 2003).

Molecular studies (PiUay & Hilu 1990, 1995; Amouche & Bayer 1997; Saarela et al. m
press) support the monophyly of some of these sections (e.g., Bro?)] us sects. Bromus, Genea,

Ceratochloa), and have indicated that others comprise several distinct lineages (e.g.,

Brom us sect. Bromopsis). Incongruence between plastid and nuclear ribosomal gene trees

has provided tentative insight into past hybridization events in the genus (Saarela et al.

in press). The available classification schemes (e.g., Smith 1970) do not satisfactorily reflect

evolutionary relationships in the genus as understood currently (Saarela ct al. in press).

Approximately 80 native and introduced species of Bromus arc recognized currently

in North, South, and Central America (Pavlick et al. 2003). Many regional treatments of

Bromu.s have been published (Wagnon 1952; Soderstrom & Beaman 1968; Camara

Hernandez 1978; Pmto-Escobar 1981, 1986; Matthei 1986; Pavlick 1995; Gutierrez &Pensicro

1998; Planchuelo & Peterson 2000; Pavhck et al 2003), cytological, genetical, and ana-

tomical studies are revealing new information (e.g., Martinello &[ Schif mo-Wittman 2003;

Ramoset al. 2002; Fu et al. 2005; Tuna et al. 2005, 2006), taxonomic studies are clarifying

species circumscriptions (e.g., Naranjo et al. 1990; Planchuelo 1991; Naranjo 1992, Peter-

son et al. 2002; Oja et al. 2003; Massa et al. 2001, 2004; Saarela et al. 2005) and new taxa

are being described (e.g., Matthei 1986; Renvoize 1994; Peterson & Planchuelo 1998).

Ona recent trip to Peru, the second and third authors collected several unusual indi-

viduals of Bromus with strongly keeled (laterally flattened) lemmas, 1-veined lower

glumes, and 3-veined upper glumes. Strongly keeled lemmas arc characteristic of sect.

Ceratochloa, but all known species from this section have 3-9-veined lower glumes and

5-9-veined upper glumes (Smith 1970). Known species of Brom us that have 1- and 3-veined

lower and upper glumes, respectively, have lemmas that are wide and short, rounded, or

slightly keeled (Smith 1970). A review of the taxonomic literature and specimens mthe

USNational Herbarium has indicated that no individuals of Bromus with this combina-

tion of characters have been described previously Wename and describe these recent

collections as a new species, Bromus ayacuchensis. Wediscuss the phylogenetic place-

ment of the new species mthe genus based on its morphology and DNAsequence data

from the internal transcribed spacer (ITS) regions of nuclear ribosomal DNA, the plastid

/rnL(UAA)intron, and the 3'-end of the plastid ncihFgene.

MATERIALS ANDMETHODS

The morphological description of the new species is based on material from three collec
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tions (see below). Fifteen specimens were measured for the morphological description.

To characterize leaf anatomy, leaf blades were field collected, and segments of about 5

mmin length from the middle of the second leaf blade below the inflorescence of the

flowering culm were fixed in FPA (formalin: propionic acid: ethyl alcohol: water; 2:1:10:7).

Leaf blades were desilicified in 30%-hydrof luoric acid for 48 hours. Leaf blade segments

were dehydrated, embedded, sectioned, and stained following the methods described in

Columbus (1999). Terminology used in the anatomical description follows Metcalfe (1960)

and Acedo & Llamas (1999).

DNAwas obtained from field collected leaf material of two collections {Peterson

16452& ReJulio-Rodriguez^ndPetersonl8212& ReJulio-Rodriguez)-youcher specii^^

are deposited in US. Sequence data were obtained for 6. ayacuchensis from the plastid

t r nL(UA A) intron, the 3'-end of the plastid nd h¥ gene, and the internal transcribed spacer

(ITS) regions of nuclear ribosomal DNA, following the protocol in Saarela et al. (in press).

Sequences for all regions from both individuals were identical, thus a single consensus

sequence was generated for each region. Sequence data have been deposited in GenBank

with the following accessions: (ITS: DQ676867; 3' ndhF: DQ676868; trnL intron:

DQ676866). The new sequence data were added to an existing matrix that includes se-

quence data from 46 species of Bromus that represent a large proportion of the morpho-

logical and geographical diversity in the genus (Saarela et al. in press). Heuristic searches

using parsimony were conducted independently on the nuclear ribosomal DNAand com-

bined plastid data sets with 100 random starting trees, tree-bisection-reconncction (TBR)

branch swapping, and all character and character-state changes equally weighted. Branch

support was assessed using maximum parsimony bootstrap analysis (Felsenstein 1985)

from 500 replicates using the heuristic search option, with one random starting tree, TBR
branch swapping, and MaxTrees set to 500 per replicate.

RESULTSANDDISCUSSION

Morphological and molecular data suggest that B. ayacuchensis is similar to species clas-

sified inBromus sect. Ceratochloa. Bromus ayacuchensis shares the strongly laterally com-

pressed spikelets with species in sect. Ceratochha, and the nuclear ribosomal trees in-

clude it in a clade with species of Bromus sect. Ceratochloa (BS-92%; Fig. la). Bromus sect.

Ceratochha is native to North and South America, characterized by a perennial habit,

ovate-lanceolate strongly laterally compressed spikelets, 3-5-veined lower glumes, 5-7-

veined upper glumes, and strongly keeled lemmas (Smith 1970). All taxa in the section

are polyploids (octo-, hexa-, and 12-ploid) (Stebbins 1981; Pavlick 1995). In the first com-

plete synopsis of Bromus in South America, Planchuelo & Peterson (2000) recognized

nine species in sect. Ceratochloa. A recent taxonomic study has proposed the lumping of

several hcxaploid taxa from Patagonia [B. catharticus Vahl, B. cehadilla Steud. (syn. - B.

stamineus E. Desv), B. coloratus Steud., B. lithohius Trin., B. mango E. Desv, and B. tunicatus

Phil] into one morphologically variable species, B. catharticus (MsiSS3. et aL 2001, 2004).

Other species of sect. Ceratochha recognized currently in South America include B.

honariensis Parodi &J.A. Camara, an endemic of Provincia Buenos Aires, Argentina, and

B. striatus Hitchc, an endemic of Peru (Planchuelo & Peterson 2000; Pavlick et al. 2003).

These species were outside of the geographic scope of the studies by Massa et al. (2001,

2004), but both have been considered conspecific with B. catharticus in the past (Pinto-

Escobar 1986; Planchuelo 1991). Among these taxa, B. ayacuchensis is most similar to B.

cehad i Ha, a species known from Argentina, Chile, Peru, and the USA(Pavlick et aL 2003).
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Fig J. Phylogenetic position of 6romu5ayf7fUf/jens/5 based on sequence data ^^^ regions of

nuclear ribosomal DNA, The position of R ayacucbensis in each tree is indicated with an open arrow. Bootstrap support values are

indicated above or below the branches. Clades that collapse in the strict consensus tree are indicated with diagonal arrowsJradition-

ally recognized sections in Bromus (sensu Smith 1 970) are indicated to the right of the trees; and (B) the combined plastid trnl intron

and3'-endof /7rf/7R

Bromus ayacuchcnsis differs from B, cchadiUa by having densely pilose culms near the

base, adaxially pilose ligules 3-6.6 mmlong, lower glumes 1-veined, upper glumes 3-

veincd, pilose lemmas (especially along the margins and near the apex), lemma margins

that are tightly involute on lower 1/5-1/4, and lemma awns 3-5.5 mmlong. The leaf blade

of B, ayacuchcnsis CFig^ 4) is anatomically similar to the leaf blade of B^catharticus (iha

only taxon in sect- Cc ratochloa for which anatomical data exist; Acedo &Llamas 1999). It

has a well-developed keel, well-differentiated bulliforni cells, and lower-order vascular

bundles associated with sclcrenchyma.

Morphological and molecular data also identify some differences between B.

aydc;uchensis and species classified in sectXeratoch^

taxa classified in sect. Ceratochloa by its 1- and 3- veined lower glumes. In the plastid

trees, B. ayacuchcnsis is weakly supported as the sister group of a clade that comprises

Bromus sect, Ceratochloa and B. hrachyanthera, and these taxa are part of a larger clade

that also includes species of sect. Neobromus (Fig, lb). Among South American Bromus
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species, 1- and 3-veined lower and upper glumes are found in taxa traditionally classified

within Bromus sections Bromopsis, Genea, and Neohromus (Smith 1970). The two species

classified in the closely-related sect. Neohromus are distinguished from B. ayacuchensis

by their narrowly elliptic spikelets, lemmas with a deep apical sinus, and geniculate awns

(Smith 1970; Matthei 1986). Species of sect. Genea in South America, which are all intro-

duced, are easily separated from B. ayacuchensis by their oblong or wedge-shaped spike-

lets and narrow and elongate lemmas with long awns (Smith 1970). Bromus sect. Bromopsis

is likely a paraphyletic assemblage of species (Saarela et al. in press) that have l(-3)- and

3(-5)-veined lower and upper glumes, similar to B. ayacuchensis. The strongly laterally

compressed spikelets and lemmas of B. ayacuchensis separate it from this artificial group

of species, which have spikelets and lemmas that are terete and dorsally flattened or some-

times slightly keeled (Smith 1970), although the plastid and nuclear molecular data indi-

cate that one species of sect. Bromopsis from South America, B. hrachyanthera, is closely

related to B. ayacuchensis and sect. Ceratochloa (Figs, la, b). The molecular data and mixed

morphological characters suggest that B. ayacuchensis might have originated via hybrid-

ization between a species of sect. Ceratochloa and a species of the non-monophyletic sect.

Bromopsis. Sampling of additional South American species of sect. Bromopsis will be nec-

essary to determine if any are part of the clade that includes sects. Neohromus, Ceratoch ha,

B. hrachyanthera and B. ayacuchensis.

Nine species of Bromus (B. berteroanus CoUa; B. catharticus; B. cehadilla; B. lanatus

Kunth; B. modestus Renvoize; B. pitensis Kunth; B. segetum Kunth; B. striatus Hitchc; B.

villosissimus Hitchc.) are currently known and verified by us from Peru (Planchuelo &
Peterson 2000; Tovar 1993). Bromus carinatus Hook. & Arn. and B. inermis Leyss. have

also been listed for Peru but these records are doubtful (Brako & Zarucchi 1994). Bromus

cehadilla has been reported from the country previously without citation of specimens

(Renvoize 1998; Pavlick et al. 2003). Weprovide confirmed records of this taxon in Ap-

pendix 1. Bromus modestus is a recently described species (Renvoize 1994), and we report

additional collections from Peru in Appendix 1. Wehave also collected B. coloratus and B.

flexuosus Planchuelo in Peru (Planchuelo 1983), and report these collections here for the

first time (Appendix 1). With the discovery of B. ayacuchensis, and confirmed records of

B. coloratus and B.flexuosus, the number of Bromus species known from Peru is 12. A new
key to Bromus in Peru is provided below.

TAXONOMICTREATMENT

Bromus ayacuchensis Saarela & P.M. Peterson, sp. nov (Fig. 2). type: PERU. Di^t^vRTAMnNxo

AyacuchO: Provincia Lucanas, 12 km E oi Puquio on road towards Cuzco, (14°4ri9.2" S Eat, 74°04'28.3" W
Long). 3730 m, among large boulders with Bcrheris (Berberidaceae), above meadow with small creek, 11

Mar 2002, P.M. Peterson 16i52 & N.F. Refulio-Rod riguez (\ iOLOTYPF: USI; bOTYPES: K!, MO!, UBQ, USMI).

A Bromo cehadilla Steud. culmis pilosis basilaribus, adaxialibus pilosis 3-6.6 mmlongis ligulis, inferioribus

nervatis glumis, superioribus 3-nervatis glumis, pilosis lemmatibus (praecipue apud margines et apicem),

lemmatum marginibus inferioribus 1/5-1/4 involventibus, lemmarum aristis 3-5.5 mmlongis, recedir.

Loosely caespitose perennials, rhizomes short v/ith extravaginal shoot initiation. Culms

(30-)50-120 cm tall, erect to slightly decumbent near base, pilose, densely pilose near

base; internodes somewhat glabrous to sparsely pilose, retrorsely pilose just above dark

brownish nodes. Sheaths 8-20 cm long, mostly longer than internodes below and shorter

than internodes above, closed on lower 2/3-3/4, retrorsely pilose, hairs 0.7-1.6 mmlong;

margins smooth; cataphylls and lower sheaths densely pilose, often shreddmg. Ligules
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1mm

cm

5mm

Fig. 2. Bromus ayacucbensis [Peterson 16452 & Refufio-Rodriguez). A, Habit. B. Inflorescence. C. Sheath, ligule, and base of blade. D.

Spikelet.E. Lower glume, dorsal view. F, Upper glume, dorsal view, G. Lemma, dorsal view. H, Floret, ventral view J Jloret; lateral view.

J, Base of floret with rachilla segment. K, Palea with todicules and stamens, ventral view. L, Palea with rachilla segment and stamens,

dorsal view. M. Lodicules, stamens, and pistil. N. Lodicules. 0. Gynoecium, mature. P. Caryopsis.
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3-6.6 mmlong, membranous, pilose adaxially; apex obtuse, erose. Blades 20-55 cm long,

3-8 mmwide, flat, apically acuminate, mostly sparingly pilose below and glabrous to

sparingly pilose above with hairs 0.5-1.2 mmlong; margins scabrous. Panicles 12-25 cm
long, 1-8 cm wide, obovate, lax, often nodding; central axis glabrous or with an occa-

sional hair; branches mostly 1.5-10 cm long, ascendmg or appressed to spreading and

drooping, naked near base, often re-branched immediately at base, scabrous, hairs antrorse

and stiff; lower inflorescence nodes usually with 2-4 branches. Spil^elets (12-)18-27 mm
long, florets 5-8, laterally compressed; lowest rachilla internodes 2-3 mmlong. Glumes
5^11.2 mmlong, glabrous or sparsely hairy; apex entire or mucronate, the mucro usually

^ 1 mmlong; lower glumes 5-8 mmlong, 1-veined, apex acuminate; upper glumes 8-11.2

mmlong, 3-veined, apex acute. Lemmas 10-12.6 mmlong, chartaceous, 5- or y-veined,

pilose, especially along margins and near apex, hairs 0.2-0.5 mmlong; margins tightly

involute on lower 1/5-1/4; apex entire or minutely bifid, teeth ^ 0.2 mmlong, awned,

awn 3-5.5 mmlong, straight. Paleas 9-12 mmlong, shorter than lemma, membranous to

hyaline, ciliate along keel, glabrous between veins; apex acuminate, sometimes mucr-

onate, veins extendmg as mucro usually ^ 1 mmlong. Lodicules 1-1.3 mmlong, nar-

rowly elliptic to narrowly obovate, unlobed. Stamens 3; anthers 3.1-3.8 mmlong, yellow-

ish-orange. Ovaries 1.2-2 mmlong, golden brown, hairy on upper 1/2-2/3 with hairs

0.3-0.6 mmlong; styles 2, separate; stigmas 2, feathery whitish. Caryopses 5.8-7 mmlong,

yellowish-brown, apex hairy hairs 0.4-0.8 mmlong; hilum extending length of grain.

Distrihution and Hahitat. —Known only from near the type locality 12-15 km E of

Puquio on road towards Cuzco between 3730-3790 mon slopes under large boulders and

beneath thorny shrubs, such as Colletia spinosissimaJ.E Gmel. (Rhamnaceae), Berberis

(Berberidaceae), and Ribes (Grossulariaceae); also associated with Lepidophyllum

(Asteraceae) and Festuca (Poaceae). Suitable habitat for B. ayacuchensis is estimated to be

5 km^ at the type locality (Fig. 3).

Ety^nology. —The epithet 'ayacuchensis' is designated to reflect the known distribu-

tion of the new species in Departamento Ayacucho, Peru.

Additional Specimens Examined; PERU: Dcpartamcnlo Ayacucho: Provincia Lucanas, 13 km E of Puquio at km
172 marker (14°4ri8.5" S Lat, 74"04'26.8'W Long), 8 Apr 2004, P.M. Pelerson & N.F. ReJulio^Rodriguez 18212 (K,

MO, UBC, us, USM); 15 km E of Puquio at Km174 Marker (14" 41' 42,9"S Lat, 74"03'46,8" WLong), 9 Apr 2004, P.M.

Peterson & N.F. Rejulw- Rodriguez 18233 (K, MO, UBC, US, USM).

Leaf Anatomy —The blades (Fig. 4) are flat and have a C3 anatomy, with completely

sclerefied margins. The epidermis is comprised of oval to round, subequal cells. Bulliform

cells are 2-4 times the size of the regular epidermal cells, located adaxially, and arranged

in groups of 5-6. Stomates are located adaxially and abaxially, and are usually associated

with deep sunlcen pits. The chlorenchyma tissue is of the festucoid type. Vascular bundles

are all primary, round in outline, and they are all approximately the same size, with the

exception of the larger central rib. Vascular bundles are well differentiated into xylem

adaxially and phloem abaxially. Vascular sheaths are double; the inner sheath is scleren-

chymatous and complete, whereas the outer sheath is parenchymatous and incomplete.

Sclerenchyma fibers are associated adaxially with all bundles, and abaxially with all

bundles except those towards the margins of the blade; intercostal sclerenchyma absent.

The central structure of the blade is well differentiated, and includes a vascular bundle

and a prominent keel comprised of sclerenchyma.



922 BRIT.ORG/SIDA 22(2)

Fig. 3. Geographical distribution of B/'omi/5(7y£7i:uf/ie;)5/s.

Kl:Y TO THE SPECIES OF BROMUSIN PERU

1. Lemmaawns geniculate and twisted; plants short-lived annuals (sect.Neobromus)

1. Lemma awns straight and not twisted; plants short-lived to long-lived annuals, biennials, or

perennials.

2. Spikelets generally laterally compressed; lemmas laterally compressed and keeled (sect.

Ceratochloa).

3. Mature anthers 3-5.5 mmlong.

4. Lower glumes 1 -veined; upper glumes 3-veined; culms densely pilose below, ligules

adaxially pilose, 3-6.6 mmlong; lemmas pilose, especially along the margins and near

B.berteroanus

the apex B.ayacuchensis

4. Lower glumes 5-veined; upper glumes 7-9-veined; culms glabrous or pubescent be-

low; ligules adaxially glabrous, 2-3 mmlong; lemmas glabrous or scabrous throughout

B.cebadilla

3. Mature anthers 0.5-2 mmlong.

5. Lemmaawns 12-18(-25) cm long; plants short-lived annuals found only along the

coastal desert of Arequipa; panicle branches nodding, drooping and flexuous

5. Lemmaawns 0.5-6 fiim long; plants long-lived annuals, biennials, or perennials, plants

B.striatus
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Fig. 4. Leaf anatomy ofBromus ayacuchensis [Peterson 18212 & Refulio-Rodriguez{\SS)].lrai\sy/G(SQ section of: A. center of leaf blade

(scale bar = 1 50 |im); B. margin of leaf blade (scale bar == 75 jam). Symbols as follows: b = bulliform cells; ch = chlorenchyma tissue;

p = phloem tissue; sc = sclerenchyma tissue; $t = stomata; x = xylem tissue.

more wide-ranging; panicle branches usually stiffly erect and ascending, rarely nod-

ding, drooping, or flexuous.

6. Lower glumes 5-7(-9)-veined;upperglumes generally 7-9-veined;spikelets strongly

laterally compressed B.catharticus

6. Lower glumes 3-veined; upper glumes 5-veined; spikelets not strongly latera

compressed

2 Spikelets terete or dorsally flattened; lemmas terete or dorsally flattened (sect. Bromopsis).

7. Culms 5-30(-40) cm tall;leaf blades generally 1-2.5 mmwide.

B.coloratus

8. Spikelets densely villose; panicles 1-3.5 cm long, contracted with short, stiff branches;

emmas hairy B.villosissimus

8. Spikelets glabrous, scabrous or pilose; panicles 3-8 cm long, open with long, flexuous

branches; lemmas glabrous B.modestus

7. Culms (15-)30-120 cm tall;ieaf blades generally 2-12 mmwide.

9. Lemmaawns (4-)5-9 mmlong; lower glumes 0.8-1 mmwide near base.

10. Pedicels flexuous.erect and reflexed; glumes hairy; pedicels hairy

10. Pedicels straight and erect spreading;glumes glabrous;pedicels glabrous

9. Lemmaawns l-5(-6) mmlongdower glumes 1-3 mmwide near base.

1 1. Lower glumes 1-1.2 mmwide near base; pedicels hairy; lemmas villous

B.flexuosus

B. segetum

B.lanatus

1 h Lower glumes 2.2-3 mmwide near base; pedicels glabrous to short pubescent;

lemmas glabrous to pubescent, sometimes villous along the margins B. pitensis

APPENDIX 1

Citation of new records and confirmed reports of Bromus in Peru.

Bromuscebadilla Steud. —CajamarcaiSan Miguel: 61 km N ofCajamarca on highway 3N towards Bambamarca,

3640 m, 1 6 Mar 2000, P.M. Peterson 14914&N.F. Refulio-Rodriguez (ACOR. US, U5M).

Bromus coloratus Steud.

—

Arequipa. Caravelf: 5 km S of Airoca and 3 km N of Cahuacho, 15°28'10.3"S,

73°29^26.6"W, 3520 m, 3 Mar 2002, P.M. Peterson 16390 & Ml LaTorre^A. Ramirez & D. Susonibar (ACOR, US, USM).

Apurimac. Aymaraes: 9 km SWof Cotaruse on road towards Puquio,3510 m, 14"29'30.8"S, 73n5'04.2"W, 13

Mar 2002, /^MPeferson J6450&N.^Refu//o-ffocir/guez (ACOR, US, USM). Ayacucho.Lucanas: 6 km E of Puquio on
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road towardsChavinaJ4"4lH3.9''S,74°0535.4'W3274m,27 Feb 2002,PMPeferso/j/6296&A/^^

& D. Susanibar (ACOR, US, USM). Junin. Junm: 2 km SWof San Jose on road towards Junin, 3970 m. 8 Apr 1 997,

P.M.Peterson 14121 & Nf.Refulto-Rodrfguez {ACOR,\JSM).

Bromus flexuous Planchuelo.

—

Cuzco. Caica: 22 km N of Calca on road towards Lares, 41 20 m, 13'*12'56.6"S,

7r54'35.2"WJ6 Mar 2002, P/W. Peterson 16556&NI.Refulio-Rodnguez(ACOR,[JS. USM),

Bromus modestus Renvoize,— Arequipa: Sumbay, 4000 n^, A.Weberbauer 6902 (F, US). Huancavelica.

Huancavelica:Tansiri near Manta, 4400-4500 m,4 Apr ]953, O.Tovar 1181 (US, USM). Ayacucho.Lucanas: 25

km SE of Puquio on road towards Chaviria, 14"45'1 7.0"S,74^03'02.6"W,3850 m,27 Feb 2002, P/W. Peterson 16302

& MJ. LaTorre, A. Ramirez & D. Susanibor (US). Cuzco. Calca: 30 km N of Claca just below Abra de Amparaes,

1
3°1 0'40.2"S, 7 1 "54'09.2"W, 4530 m, 1 5 Mar 2002, P.M. Peterson 16562 & Nf. Refulio- Rodriguez (ACOR, US, USM).

Puno. Chucuito: 20 KmE of Huacullani on road towards Desaguadero, 3880 m, 5 Mar 1 999, PM. Peterson 14636

& N.F. Refulio-Rodriguez, F. Salvador-Perez (ACOR, US, USM).

ACKNOWLEDGMnNTS

Weare grateful to Alice R. Tangerim for providing the illustration; Alain Touwaicie for

correcting the Latin diagnosis; Robert J. Soreng for discussions concerning the new spe-

cies; Ana Maria Planchuelo for identifying RM. Peterson collections; Patricia Gomez

Bustamonte for correcting the Spanish resumen; Sean W. Graham, Neil Snow, Isidoro M.

Sanchez Vega, and Stephan Hatch for constructive comments on earlier versions of the

manuscript; and S.W.G. for providing funds from his Natural Sciences and Engineering

Research Council of Canada (NSERC) Discovery grant to support collection of the new

sequence data. Field collections by PM.P were supported by the Biodiversity and Inven-

tory Program and Jose Cuatrecasas Fund (Smithsonian Institution, National Museumof

Natural History). J. M. S. was supported by scholarships from NSERC, Alberta Ingenuity,

and the University of British Columbia, and a research grant from the Lawrence R.

Heckard Endowment Fund of the Jepson Herbarium.

RHFERENCES

AcEDo, C. and R Llamas. 1 999.The genus Broriius L (Poaceae) in the Iberian Peninsula. Phan. Monog.

XXII;1-293.

AiNoucHE, Ml. and RJ. Bayer. 1997. On the origins of the tetraploid Bromus species (section Bromus,

Poaceae): insights froni the internal transcribed spacer sequences of nuclear ribosomal DNA.

Genome40:730-743.

BRAKO,L,andJ.LZARuccHi. 1993. Catalogue of the flowering plants and gynmosperms of Peru. Monog r.

Syst. Bot. Missouri Bot. Gard, 45:1 -1 286.

Camara HernAndezJ. ]978. Bromus Lin Correa, M.N, ed. Flora Patagonica.Vol.S. Colecc.Ci. Inst. Nac.

Tecnol. Agropecu. III. Buenos Aires, Argentina. Pp, 77-93.

Clayton, W.D. and S.A, Rfnvoize. 1986. Genera Graminum. Grasses of the World. Kew Bull. Add. Ser. 13:

1-389.

Columbus, J.L 1999, Morphology and leaf blade anatomy suggest a close relationship between

Bouteloua oristidoides and 6. (Chondrosium) eriopoda (Gramineae: Chloridoideae). Syst. Bot. 23:

467-478.

FelsensteinJ. 1985. Confidence limits on phylogenies: an approach using the bootstrap. Evolution

39:783-791.

Fu,Y.-B.,B.E.CouLMAN,YS.N.FERDiNANDLzJ.CAYOuETTF,and RM.Pe II RSON.2005.Genetic diversity of fringed

brome {Bromus ciliatus) as determined by amplified fragment length polymorphism. Canad. J.

Bot.83:1322-1328.



SAARELAET AL., A NEWSPECIES OF BROMUSFROMPERU 925

Gutierrez, H.F.and J.R Pensiero. 1 998. Sinopsis de las especies Argentinas del genero Bromus (Poaceae).

Darwiniana 35:75-1 14.

HoLMSTROM,G.and H.ScHOLZ.2000.6/'omusb/dentara5 spec nova and BJepidus,X\AJO odd brome-grasses

(Gramineae). Bot. Jahrb. Syst 1 22:1 95-200.

Martinello, G.E. and T.T. Schieino-Wittman. 2003. Chromosomes of Bromus aleuticus Trin. ex Nees

(Poaceae). Genet. Mol. Bio. 26:369-371

.

Massa, A.N., S.R. Larson, K.B. Jensen, and DJ. Hole. 2001 . AFLP variation in Bromus section Ceratochloa

germplasm of Patagonia. Crop Sci.41:1609-1616.

Massa, A.N., K.B. Jensen, S.R. Larson, and D.J. Hole. 2004. Morphological variation in Bromus sect.

Ceratochloa germplasm of Patagonia. Canad. J. Bot. 82:136-144.

Matthei, 0. 1986. The genus Bromus L. (Poaceae) in Chile. Gayana Bot. 43:47-1 10,

Metcalfe, CR. 1 960. Bromus. In: Anatomy of Monocotyledons: Gramineae 1 . Clarendon Press, Oxford.

Naranjo, C.A., F.H. Arias, F.E. Gil, and A. Soriano. 1 990. Bromus pictus of the B. setifolius complex (section

Pnigma): numerical taxonomy and chromosome evidence for species rank. Canad. J. Bot. 68:

2493^2500.

Naranjo, C.A. 1 992. Estudios biosystematicos en especies de Bromus (seccion Ceratochloa, Poaceae).

I.Sistemas reproductivos y barreras de aislamiento. Darwiniana 31:173-183.

Oja,T.,V.Jaa5ka, and V.Vislap. 2003. Breeding system, evolution and taxonomy of Bromus arvensis.B.

japonicus and 6. squarrosus (Poaceae). PI. Syst. Evol. 242:1 01 -1 1 7.

Pavlick, LE. 1995.fi/'omi;5 Lof North America. Royal British Columbia Museum,Victoria.

Pavlick,L.E., A.M. PlanchuelcRM, Peterson, and RJ.Soreng. 2003. iSrorriL/s. Pp. 154-1 91. In: Soreng,R.J.,PM,

Peterson, G.Davidse, E.J. Judziewicz,F.O.Zuloaga,T.S.Filgueiras, and O.Morrone, Catalogue of New

World Grasses (Poaceae): IV. Subfamily Pooideae.Contr. U.S.Natl, Herb. 48:1 -730.

Peterson, PM, and A.M. Planchuelo. 1998. Bromus catharticus in South America (Poaceae: Bromeae).

Novon 8:53-60.

Peterson, PM.J. Cayouette, Y.S.N. Ferdinandez, B.CouLMAN,and R.E.Ci-iapman. 2002. Recognition of Bromus

richardsonii and B.ciliatus:ev\dence from morphology cytology and DNAfingerprinting (Poaceae:

Bromeae). Aliso 20:21-36.

PiLLAY, M.and K.W. Hilu. 1990.Chloroplast DNAvariation in diploid and polyploid species of Bromus

(Poaceae) subgenera Festucario and Ceratoc/7/oa.Theor.Appl. Genet, 80:326-332.

PiLLAY, M.and K.W.Hilu. 1995. Chloroplast-DN A restriction site analysis in the genus eromus (Poaceae).

Amer.J.Bot.82:239-249.

Pinto-Escobar, R 1981. The genus Bromus \n northern South America.Bot, Jahrb. Syst. 102:445-457.

PiNTo-EscoBAR, P 1 986. El genero Bromus en Los Andes Centrales de Suramerica. Caldasia 1 5:1 5-34.

Planchuelo, A.M. 1 983. Una nueva especie de Bromus (Poaceae) de Argentina. Kurtziana 1 6:1 23-1 3 1

.

P[j\NCHUEL0, A.M. 1 991 . Estudios sobre el compiejo Bromus catharticus (Poaceae) I.Evaluacion estadistica

de los caracteres taxonomicos. Kurtziana 21 :243-25

pLANCHUELO,A.M,and PM. Peterson, 2000.The species of 6romus (Poaceae:Bromeae) in South America.

In: Jacobs, S.W.L. and J. Everett, eds, Grasses: systematics and evolution. CSIRO, Melbourne. Pp.

89-101.

RAM05,J.CJ.C.TivAN0,and A.C.Vegetti, A. C. 2002, Anatomical studiesof reproductive stems of firomus

auleticusTnn.ex Nees. (Poaceae). Gayana Bot. 59:5 1-60.

Renvoize, S.A. 1994. Notes on Sporobolus and Bromus (Gramineae) from the Andes. Kew Bull, 49:

543-546.

Renvoize, S.A. 1 998, Gramineas de Bolivia. Royal Botanic Gardens, Kew.

Saarela,J.M.,RM. Peterson, R.M. Keane, J.Cayouette, and S,W. Graham. In Press. Molecular systematics of



926 BRIT.ORG/5IDA 22(2}

Bromus (Poaceae:Pooideae) based on chloroplast and nuclear DNAsequence data.ln:Columbus,

J.T., E.A. Friar, J.M. Porter, LM. Prince, and M.G. Simpson, eds. Monocots; comparative biology and

evolution, 2 vols.Rancho Santa Ana Botanic Garden, Claremont, California, USA.

SaarelaJ.M.,RM. Peterson, and J.CAYouETTE.2005.6/'omu5/ia///7 (Poaceae),a new combination for Cali-

fornia, and taxonomic notes on B.grandis and B.orcuttianus.Sida 21:1997-2013.

SMnii,R 1970. Taxonomy and nomenclature of the brome-grasses (SromusL.s. I.). Notes Roy.Bot.Gard.

Edinburgh 30:361-375.

SoDERsrROM,T.R.and J.H.BEAMAN.1968.The genus Bromus (Gramineae) in Mexico and Central America.

Publ.Mus. Michigan State Univ. Biol.Ser. 3:465-520.

StebbinS; G.L 1981. Chromosomes and evolution in the genus Bromus (Gramineae). Bot. Jahrb.Syst.

102:359-379.

TovAR,0. 1993. Las Graminees (Poaceae) del Peru.Ruizia 13:1-480.

Tuna, M., K.P.VnciFi, and K. Arumuganathan. 2005. Genonie size and Giemsa C-banded karyotype of

tetraploid Bromus clliatus LEuphytica 146:177-182.

Tuna, M., K.RVoGn, and K. Arumuganathan. 2006. Cytogenetic and nuclear DNAcontent characteriza-

tion of diploid Bromus erectus and Bromus variegates. Crop Sci. 46:637-641.

Wagnon, H.K. 1 952. A revision of the genus Bromus, section Bromopsis, of North America. Brittonia

7:415-480.


